The article presents the model of transport means operation and maintenance process, realized within a system of urban bus transport. On the basis of identification of the investigated system and the realized in it process, a mathematical model of the operation and ensuring efficiency processes was built, assuming that models of these processes are homogenous Markov processes. On this bases an analysis of the considered controlled process had been made. All the considerations are presented on the example of a chosen real system of operation and maintenance of means of transport.
Introduction
Transport systems aim at meeting the transport demands by realization of transports on given routes. The process of operation and maintenance of means of transport is a controlled process and can be roughly divided into the process of operation and ensuring efficiency. The aim of the operation process is to realize its basic function and thereby generate profits. The process of ensuring efficiency is to maintain operational efficiency of the used technical objects. In order to provide high level of operational efficiency of the system, an appropriate identification of the process realized in a given system is indispensable, as well as its analysis and assessment. An analysis and assessment of controlled systems can be carried out on the basis of examining their models. The most frequently used projection of the operation and maintenance process model are graphs including directed graphs whose peaks are states of operation and maintenance, and whose arcs are possible transitions between the states. Due to a random character of factors determining the course and efficiency of the operation and maintenance process realized within a complex system of operation and maintenance, stochastic processes are used for mathematical modeling of the operation and maintenance process. Among random processes, Markov and semiMarkov processes have found wide application for modeling the operation and maintenance process [5, 9, 10] . Carrying out of modeling tests with the use of described models of the operation and maintenance process enables both an analysis of specific problems connected with operation and maintenance of technical objects and an analysis of relations occurring between the determined number of the model parameters. Markov and semi-Markov processes have been explicitly discussed in literature by many authors [eg. 2, 3, 4, 7] . However, there are not enough practical examples of applications of these models for the description of operation and maintenance processes realized in real transport systems, especially urban transport systems. In the work an attempt of mathematical description and analysis had been made of both, the process of transport means operation and the process of ensuring efficiency, realized within a selected transport system, assuming that the model of these processes are homogenous Markov X(t) processes. A system of operation and maintenance of an urban bus transport, being one of subsystems of the urban transport system, was chosen as the object of investigations.
Event Model of Transport Means Operation and Maintenance
The model of operation and maintenance was built on the basis of an analysis of space of the states and operational events concerning technical objects (urban buses) employed in the analyzed real transport system. In result of identification of a given transport system and, realized within it, multi-state process of technical objects operation and maintenance there were determined important states of this S 1 -realization of the transport process, S 2 -damage to the technical object during realization of the transport task, S 3 -diagnosing the technical object by service workers, S 4 -repair of the technical object by a service unit without losing a course, S 5 -repair of the technical object by a service unit with losing a course, S 6 -stay of the technical object on a halting place of a bus depot, S 7 -refueling the tank, S 8 -servicing during the day of operation, S 9 -realization of periodic servicing, S 10 -diagnosing before the repair within the system of ensuring efficiency, S 11 -diagnosing after the repair within a subsystem of providing efficiency, S 12 -repair of the technical object within a subsystem of ensuring efficiency Directed graph of the transport means operation and maintenance process projection, demonstrated in Figure 1 , is built from a big number of states and transitions between them. As a result, corresponding to it, matrixes of probabilities and matrixes of the process states change intensity are significantly extended, and analytical determinations of boundary probabilities p i * are impossible. For the purpose of analytical determination of boundary probabilities p i * a directed graph presented in Figure 1 , had been divided into two sub-graphs in which state S 6 is the shared state (when the technical object stays in the halting place in a bus depot). The first sub-graph ( Figure 2 ) corresponds to the operation process states, whereas the second sub-graph (Figure 3 ) corresponds to states of the process of ensuring transport means efficiency. Figure 1 ), S 6 ÷ S 12 -respectively as in Figure 1 
Mathematical Model of Means of Transport Maintenance
In result of the carried out analysis of assumptions and limitations it was assumed that the model of operation and maintenance process (respectively operation and ensuring efficiency processes) of means of transport is Markov's process X(t). For the purpose of determination of probabilities p i * and p i (t) it was assumed that the initial state is S 6 -when the technical object stays on the halting place in a bus depot.
Mathematical Model of Means of Transport Operation
On the basis of a directed graph, demonstrated in Figure 2 , matrixes P 1 of probabilities of state changes and Λ 1 of intensity of X(t) process transitions, were built: where: p ij -probability of transition from the state S i to the state S j , λ ij -intensity of transition from the state S i to the state S j of the process
X(t).
On the basis of the matrixes (1) and (2) a system of linear equations was built
In result of the solution of system of equations (3) 
Mathematical Model of the Process of Ensuring Means of Transport Efficiency
On the basis of a directed graph, demonstrated in Figure 3 , matrixes P 2 of probabilities of state changes and Λ 2 of intensity of X(t) process transitions, were built: In result of the solution of system of equations (14), boundary probabilities p i * of Markov's process (model of ensuring efficiency process) was obtained: In order to set p i (t) for arbitrary λ ij a computer programme had been developed enabling to solve the system of equations (25) and (26) by means of the numerical methods of the linear algebra. For the data obtained from investigating the operation and maintenance process being performed in a real transport system, the probabilities p i (t) of staying in the process states X(t) were set, as presented in graphic form in the Figure 4 and 5. 
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Conclusions
Analyzing the determined values of probabilities p i * and p i (t) for the process of means of transport operation it can be said that the states of the process in which a statistical technical object remains for the longest time are states S 1 (task accomplishment) and S 6 (stay on a halting place) -total over 91,7% of the operation time. The remaining time of operation and maintenance concerns efficiency ensuring processes of technical objects (about 8,2% of operation time), however, it is significant due to the possibility of accomplishment of a transport system task and the related costs. Total share of time for ensuring efficiency of technical objects by emergency service (p 2 * +p 3 * +p 4 * +p 5 * ) in the total operation and maintenance time is merely 0,5%.
From the obtained values of probabilities p i * and p i (t) determined for the model ensuring efficiency of technical objects process it results that the time when the statistical object remains in a real subsystem amounts almost to 53,8%, whereas, total time of activities of service-repair character realized in service stations is 8,2%. In the process of ensuring efficiency the repair time amounts to 79,4%, service 9,8%, refuel time 5,5%, diagnosis 5,3%. The remaining 38% is connected with waiting for the start of the task realization (efficient objects) or for the start of service-repair processes (inefficient objects). Analyzing probability charts p i (t) it can be noticed that for the majority of states the time in which probabilities reach boundary values is contained within 20 ÷ 30 hours. However, total stabilization of the process parameters takes place no sooner than after 40 hours.
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